Kinetic Evaluation of Determinant Factors for Cellular Accumulation of Protoporphyrin IX Induced by External 5-Aminolevulinic Acid for Photodynamic Cancer Therapy.
Five-aminolevulinic acid (ALA) is a prodrug to generate phototoxic protoporphyrin IX (PPIX) for photodynamic cancer therapy. It remains unclear how PPIX accumulates in cancer cells; therefore, we aimed to clarify determinant factors by assessing ALA uptake, PPIX biosynthesis, conversion of PPIX to heme (ferrochelatase activity), and PPIX efflux, independently, in 10 human cancer cell lines. ALA-induced PPIX accumulation was not correlated with ALA uptake clearance. ALA uptake rates were far greater than maximum conversion rates of ALA to PPIX in the five cell lines, where ALA uptake activity was detected. A negative correlation of PPIX accumulation with ferrochelatase activity was found, but not statistically significant among all cell lines. As PPIX accumulation was restored in MCF-7 and DU145 cells by adding an inhibitor of PPIX efflux transporter BCRP, a compartment model incorporating PPIX synthesis, ferrochelatase activity, and PPIX efflux, was established, and hybrid parameters (π index) calculated using the model were significantly correlated with ALA-induced PPIX accumulation (r = 0.90, p = 0.005). Accordingly, kinetic analyses indicate that ALA-induced PPIX levels are determined by the three processes of PPIX biosynthesis, conversion of PPIX to heme, and PPIX efflux, suggesting that π index is a useful to predict ALA-induced PPIX accumulation.